order neurons in the AOB (reviewed in Halpern, 1987; Dulac, 2000) .
Interestingly, in contrast to the uniform patterns of expression of five class 3 semaphorins in the mitral cell Thus, like VNO neurons, Npn-2-expressing primary olfactory neurons do not innervate the medial MOB, a layer of the AOB, Npn-2 protein is found at higher levels in the anterior half of the mitral cell layer at E16, E18, structure that expresses relatively high levels of Npn-2 ligands.
and P1 (Figures 4D-4F ). However, Npn-2 protein levels in the AOB mitral cells are significantly decreased by P5 Secreted semaphorins are also expressed in the target region of the vomeronasal nerve. In contrast to the and into adulthood (data not shown). In situ hybridization experiments reveal that npn-2 shows somewhat higher MOB, where expression of certain secreted semaphorins differs spatially, sema3A, sema3B, sema3C, expression in mitral cells of the anterior AOB at E16 but is expressed evenly throughout the AOB at P0 (data not sema3F ( Figures 2E-2L ), and sema3E (data not shown) appear evenly expressed in the mitral cell layer of the shown).This late embryonic pattern of Npn-2 distribution is complementary to that observed for the cell adhesion AOB during embryonic and postnatal periods. sema3D transcripts are undetectable in the AOB at these develmolecule OCAM, which is restricted to the posterior half of the AOB mitral cell layer at these same developmental opmental stages (data not shown). phorins and their receptor, Npn-2, are consistent with further evaluate the role played by Npn-2 in vomeronasal these molecules playing a role in establishing the trajecaxon pathfinding, npn-2 Ϫ/Ϫ mice expressing tau-lacZ in tories and targeting of npn-2-expressing vomeronasal specific V1R-expressing populations of vomeronasal neurons.
neurons were generated. The expression of tau-lacZ in neurons expressing either VN2 or VN12 pheromone receptors allowed us to visualize the projections of these The Vomeronasal Nerve Is Defasciculated and two populations of G ␣i2 -expressing sensory neurons in Vomeronasal Neurons Ectopically Innervate npn-2 Ϫ/Ϫ mice. Whole-mount X-Gal staining of 3-monththe Main Olfactory Bulb in npn-2 Ϫ/Ϫ Mice old npn-2 ϩ/Ϫ mice illustrates VN12-expressing neurons To assess the involvement of Npn-2 in the development projecting normally and in a tight fascicle as they grow and guidance of vomeronasal neuron axons, we looked along the medial surface of the MOB toward the AOB at the integrity of VNO projections in mice harboring a ( Figure 5C ). In contrast, we found in npn-2 Ϫ/Ϫ mice null mutation at the npn-2 locus (Giger et al., 2000) . In marked defasciculation of these fibers at the level of initial experiments, coronal sections of the MOBs from the medial surface of the MOB ( Figure 5D ). A similar 3-month-old wild-type and npn-2 Ϫ/Ϫ mice were stained defect was observed for VN2-expressing neurons (data with Erythrina Cristagalli (EC) lectin to visualize all axons not shown). Much less, if any, defasciculation of tauin the vomeronasal nerve (Tanaka et al., 1999) . While lacZ-positive fibers was observed in the peripheral porvomeronasal axons are bundled into two large, bilateral tion of the vomeronasal nerve in npn-2 Ϫ/Ϫ mice. Four to nerves in wild-type and npn-2 ϩ/Ϫ mice ( Figure 5A ; data six tightly fasciculated fiber bundles projected from the not shown), many smaller bundles of fibers spanning a VNO along the nasal septum to the cribriform plate in large portion of the dorsal-ventral axis between the both npn-2 ϩ/Ϫ and npn-2 Ϫ/Ϫ mice; however, occasionally MOBs were observed in npn-2 Ϫ/Ϫ mice ( Figure 5B ). This in npn-2 Ϫ/Ϫ mice, single VNO axons were observed adjastrongly suggests that Npn-2 function is necessary for cent to the main axon bundles (data not shown Figure  6A ; data not shown). In contrast, AP-Sema3F-expressing aggregates strongly repelled murine vomeronasal axons ( Figure 6B ). The repulsive effect of AP-Sema3F is mediated by its receptor, Npn-2, since vomeronasal projections from epithelia isolated from npn-2 Ϫ/Ϫ embryos are completely unresponsive to AP-Sema3F (Figure 6C) . Intriguingly, all vomeronasal axons emanating from these explants were repelled by AP-Sema3F in vitro. Immunostaining of the explants with Npn-2 antibodies revealed that all projecting fibers express Npn-2 (data not shown). Likewise, all fibers were found to express the cell adhesion molecule OCAM (data not shown), which is normally restricted to G ␣i2 -expressing neurons by late embryogenesis (Yoshihara et al., 1997). to express Npn-2 and OCAM. We first tested the responsiveness of rat vomeronasal neurons to Sema3F. All explants were scored according to the degree of observed repulsion, as shown schematically in Figure 6D nerve layer and enter the glomerular layer, ectopically innervating the medial and, occasionally, the ventral and (results are represented graphically in Figure 6H ). Robust growth of axons from vomeronasal neurons was dorsal regions of the MOB ( Figure 5E ; data not shown). nerve could lead to loss of this intrinsic organization that, in turn, could result in improper entry of fibers into the AOB and loss of zonal segregation of V1R axons. We in the AOB (Figure 10 ). V1R axons express Npn-2, they do not favor this possibility either for several reasons.
respond to the Npn-2 ligand Sema3F, and as many as Immunostaining of coronal sections through the vomone-half of the V1R axons are mistargeted to the posteeronasal nerve of wild-type mice using BS lectin, OCAM, rior half of the AOB in npn-2 Ϫ/Ϫ animals. Importantly, in and G ␣o antibodies at caudal levels of the MOB showed vitro coculture experiments indicate that the posterior that G ␣i2 -and G ␣o -positive neurons are not segregated AOB releases a chemorepellent ligand for Npn-2. What into discrete bundles within the vomeronasal nerve (data is the posterior AOB repellant? Our analysis of secreted not shown). Also, many V1R-expressing axons enter the semaphorin expression has so far not revealed any clear AOB at the appropriate level, but they appear to make expression gradients in the mitral cell layer of the AOB incorrect steering decisions within the AOB neuropil (see that can obviously account for differential effects on Figure 8 ). Furthermore, it appears that the entire vomeroneurons expressing Npn-2. Nonetheless, the possibility nasal nerve, including G ␣o -positive fibers, is defascicuremains that a gradient of protein distribution for one or lated in npn-2 Ϫ/Ϫ mice ( Figure 5B ). Despite this nerve several secreted semaphorins exists. The lack of good defect, G ␣o -positive fibers appear to innervate only the immunological reagents to detect these proteins makes posterior AOB in npn-2 Ϫ/Ϫ mice; we did not observe it difficult to address this possibility. An alternate possiloss of zonal segregation of these fibers. It is therefore bility is that cells of the posterior AOB express a Npn-2 unlikely that defasciculation of sub-bundles within the ligand other than Sema3F that repels V1R-positive nerve is solely responsible for the incorrect segregation axons. of npn-2 Ϫ/Ϫ V1R-containing axons in the AOB. While results of both in vivo and in vitro experiments Our results support a model in which segregation of strongly support a model in which Npn-2 function is V1R-expressing axons to the anterior region of the AOB required within V1R-expressing axons, we cannot rule out the possibility that Npn-2 on dendrites of mitral cells is mediated by Npn-2 function on V1R-positive axons
